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(57) A cellular radio system (1 0, FIG. 1) operates to 
acquire radio network optimisation for a GSM environ- 
ment through the utilisation of a dual-technology sub- 
scriber unit (36) configured to swap between a UMTS 
air-interface mode and a slotted GSM-type mode. In the 
GSM mode, system performance data, i.e. measure- 
ments metrics (306), such as RX_Lev and BER, are ac- 
cumulated for a serving cell and BA list neighbours 
(12-18) and this GSM system performance data is com- 
municated (214) to a serving OMC (38) through a BSS 
and MSC (32, 34). Contemporaneously with the acqui- 
sition of GSM performance data, a UMTS call (50-54) 
to serving Node Bs operating in soft handover allows a 
serving MSC (34) or OMC (38) to identify (302-304) ac- 



curately the location of the subscriber unit (36) through 
a triangulation process. A time reference derived from 
soft handover of a high bit rate data sequence allows 
multi-path resolution in the UMTS domain, with an ab- 
solute propagation path therefore derivable from the 
time reference. Correlation (308), at an OMC level, of 
an identity of the subscriber unit (36) associates the sub- 
scriber location with the GSM system performance data, 
thereby allowing a processor (40) in the OMC (38) to 
assess accurately GSM system performance with a 
view to initiating, as required, radio network optimisation 
of the GSM system. The need for costly drive testing of 
a GSM-type system is therefore obviated, thereby ad- 
vantageously allowing radio network reconfiguration at 
either the will of the service operator or dynamically. 
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Description 

Background to the Invention 

[0001] This invention relates, in general, to a system 
and method for obtaining optimisation data for an exist- 
ing first or second-generation cellular communication 
network. The invention is particularly, but not exclusive- 
ly, concerned with obtaining radio frequency (RF) opti- 
misation data for GSM (Global System for Mobile com- 
munication) cells in order to support revision of a fre- 
quency plan to enhance and preferably optimise system 
performance. 

Summary of the Prior Art 

[0002] Cellular communication systems provide mo- 
bility to users of the system by virtue of their utilisation 
of radio frequency resources as the information carrier. 
With a particular system operating a specific air- inter- 
face environment, user equipment (interchangeably re- 
ferred to as a subscriber unit) is generally free to tran- 
sition between serving base stations supporting the air- 
interface, with the serving base station providing an in- 
terface into other communication domains, such as ex- 
isting wireline voice telephony systems or internet ap- 
plications. In terms of handoff of an on-going call involv- 
ing a subscriber unit, the decision process is generally 
based on connection quality metrics (such as received 
signal strength indications (RSSI), bit error rate (BER) 
or frame erasure rate (FER)), although in certain in- 
stances the limited and absolute handling capacity of a 
cell may warrant that the call be served by a base station 
in an adjacent cell. Of course, servicing of a subscriber 
unit by a relatively remote base station (whether during 
call establishment or during an on-going call situation) 
may lead to an inferior connection, but provided an in- 
terference environment for the cell or system is not ad- 
versely affected then it may be preferable that the serv- 
ice provider provide a limited service rather than no 
service at all. 

[0003] Unfortunately, bandwidth is limited, especially 
in the sense of bandwidth allocation to a particular cel- 
lular radio service, such as GSM. Furthermore, in view 
of the capital consideration of supplying base station in- 
frastructure and obtaining operating licences, service 
providers necessarily seek to extract every last Erlang 
of capacity from the allocated frequency spectrum. Con- 
sequently, cellular systems have developed multiple ac- 
cess techniques to make optimum use of the limited fre- 
quency spectrum. Multiple access techniques permit si- 
multaneous transmissions from several mobile sub- 
scriber units to a single base station over a plurality of 
communications channels. Some examples of multiple 
access techniques are frequency division multiple ac- 
cess (FDMA), time division multiplexing/multiple access 
(TDM, TDMA) and code division multiple access (CD- 
MA). A CDMA-type system employs spread spectrum 



signaling. 

[0004] Having regard to GSM-type systems, it has 
been found that frequency re-use between cells and/or 
sectors of cells provides an efficient mechanism of using 

5 the available bandwidth. Frequency re-use patterns are 
arranged to avoid co-channel and adjacent channel in- 
terference between neighbouring cells or sectors. The 
concept of frequency re-use has also spawned umbrella 
cells that overlay smaller micro or pico cells operating 

10 with different frequency patterns. In all instances, power 
control is important because unnecessary energy in a 
carrier increases the likelihood of interference. Conse- 
quently, cells have a nominal boundary region (defined 
by BER or RSSI) in which handoff to an adjacent base 

15 station is usually initiated. 

[0005] GSM operates to provide, in-call, a list of 
neighbours (the BA list) to a subscriber unit, which BA 
list is used by the subscriber unit for mobile assisted 
handover (MAHO). Essentially, the subscriber unit mon- 

20 itors signal quality from base stations transmissions 
(typically the broadcast control channel, BCCH) and re- 
ports its findings to its serving base site controller (BSC) 
for interpretation by, generally, a mobile switching centre 
(MSC) responsible for operational control of a plurality 

25 of base station sub-systems (BSSs). GSM is, however, 
devoid of any easy ability to provide specific location in- 
formation concerning the subscriber unit, except for the 
likely cell location. 

[0006] It will now be appreciated that service provid- 

30 ers strive to provide radio network optimisation, i.e. to 
maximise the number of subscribers per megahertz 
(MHz) of spectrum. In this regard, whilst service provid- 
ers can generate an idealistic frequency plan for a net- 
work in advance of system deployment, such idealistic 

35 plans seldom reflect or take into account the real-like 
situation or the changes that can be experienced within 
a particular geographic service area, such as a cell. To 
derive GSM optimisation data to tweak operational per- 
formance of a deployed system to address changes in 

40 environment, service providers are therefore presently 
reliant upon eitherthe use of test mobile units to support 
"drive test optimisation" or an intelligent optimisation 
system (IOS) that supports statistical analysis. Unfortu- 
nately, to accomplish radio network optimisation, a serv- 

45 ice provider must frequently attain measurement met- 
rics reflect radio frequency (RF) coverage and hence 
system performance, which measurement metrics 
should ideally be completed on a regular and compre- 
hensive basis throughout a geographical coverage area 

so of interest and preferably across the entire network. 
[0007] Changes in system performance may occur as 
a consequence of a change in geography (such as 
through the erection of a new building), the deployment 
of a new cell site (such as a micro-cell) or simply a 

55 change in environmental conditions due to seasonal 
variations in tree foliage. In fact, it is generally desirable 
for a service provider to be aware of all factors that may 
influence optimum utilisation of the allocated and limited 
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radio bandwidth. Indeed, if the service provider is in pos- 
session of accurate data concerning radio network per- 
formance, then resolution of network problems is greatly 
simplified. For example, if the service provider knows 
that excessive demand for bandwidth occurs at a par- 5 
ticular location (known as a "hotspot"), then the service 
provider can act to remedy the problem by re-configur- 
ing the network, such as by introducing a new base 
transceiver station effectively to create a new cell. 
[0008] In drive test optimisation, a test mobile is es- 
sentially driven around the geographic coverage area of 
interest in order to experience real-world propagation 
and system performance. The mobile is configured to 
measure suitable performance metrics, such as RSSI 
and BER, for identified locations, with the performance 
metrics of individual locations then mapped onto a com- 
posite coverage plan for display on a geographical map 
graphical user interface (GUI). Clearly, this method re- 
quires specially equipped vehicles and trained technical 
staff to drive along specific routes within the network 
coverage area collecting data. Hence drive test optimi- 
sation involves a significant financial cost and is, in any 
case, extremely time consuming. Drive test optimisation 
is therefore generally restricted to locating specific net- 
work faults. 

[0009] With the majority of hotspots occurring in urban 
environments having slow congested traffic routes, nei- 
ther drive test optimisation nor IOS provide effective 
mechanism for collecting system performance data. 
[0010] Having regard to IOS, this statistical approach 
requires deployment of the system for, say, a week or 
so in order to generate a new frequency plan for the ge- 
ographic area. Again, IOS is based on a manual process 
involving competent and trained staff. IOS collects air- 
interface measurements in GSM and complete a statis- 
tical analysis to creat statistical carrier to interference 
(C/l) matrices for individual cell plans. Propagation con- 
ditions experienced by subscriber units involved in the 
statistical assessment result in measurement reports 
that reflect received level (RX_Lev), timing advance 
(and hence a rough indication of distance), RX_Lev of 
BA list neighbours and cell identity. Unfortunately, in 
GSM, measurements such as timing advance are not 
particularly accurate due, for example, to a multi-path 
propagation environment. While IOS does provide an 
accurate overall performance summary for visited cells, 
the mechanism is unfortunately limited in its capacity to 
identify specific locations within a cell where network 
performance is compromised. In other words, IOS is un- 
able to provide a definitive indication of the location of 
a hotspot, but IOS can provide an indication of the ex- 
istence of the problem, i.e. the identity of the cell. Con- 
sequently, frequency planners are studiously and labo- 
riously tasked with assessing radio network optimisation 
armed only with statistical information and ordinance 
survey maps, building plans and the like. 
[0011] Finally, to complete the picture in terms prev- 
alent air-interface protocols, the Universal Mobile Tele- 



phone System (UMTS) has adopted a wideband code- 
division multiple access (W-CDMA) technique. In con- 
trast to TDM-based cellular systems, a CDMA-based 
system has a universal frequency re-use that allows fre- 
quencies to be used across the entire network, i.e. there 
is a frequency re-use of one. Such CDMA-based sys- 
tems operate by virtue of the fact that a single carrier 
frequency supports a number of communication re- 
sources that are structured from discrete, coded se- 
quences. More specifically, each channel is comprised 
from a unique coded sequence of "chips" that are se- 
lected from a relatively long pseudo-random spreading 
sequence (typically many millions of bits in length). A 
communication device has access to an information- 
bearing channel by virtue of a communication device 
having particular and detailed knowledge of a specific 
code that identifies the specific bits used by the infor- 
mation-bearing channel. Individual users to the system 
therefore use a common radio frequency (RF) but are 
separated by the individual spreading codes. In the 
downlink each base station is assigned a single spread- 
ing code and each of the physical channels is then as- 
signed a separate channelisation code; in UMTS the or- 
thogonal variable spreading factor (OSVF) code set is 
used. In the up-link, each mobile is assigned its own 
unique long spreading code. 

[001 2] CDMA-based systems therefore inherently op- 
erate in an interference environment because many 
channels utilise the same carrier frequency, with individ- 
ual channels merely differing from one another in terms 
of their uniquely defined coded sequences. However, 
CDMA-based systems become statistically efficient for 
large populations of users, and therefore present an at- 
tractive and more efficient alternative to FDM-based 
systems. By way of intermediate summary, although 
CDMA-based systems can benefit from the use of mul- 
tiple carriers within specific cells and generally within the 
system as a whole, CDMA effectively provides a homog- 
enous carrier frequency environment for an area served 
by a multiplicity of cells. As a consequence, the interfer- 
ence between neighbouring cells is tightly related. This 
can be contrasted with frequency based systems, such 
as GSM, where carrier frequency re-use in adjacent or 
near-adjacent cells is restricted to avoid co-channel and 
adjacent channel interference. 
[0013] Despite the imminent introduction of UMTS 
cellular networks, it is anticipated that GSM will, howev- 
er, remain the predominant technology for speech com- 
munications for many years. In any event, when UMTS 
is introduced, it is expected that initial deployment of the 
cell sites will involve collocation with existing GSM sites, 
especially since: i) the service providers in both GSM 
and UMTS are likely to be common; ii) the purchase of 
sites is relatively expensive and often requires legisla- 
tive, e.g. planning, approval; and iii) the GSM sites are 
often considered to be the best available sites for pro- 
viding radio coverage through direct line-of-sight. 
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Summary of the Invention 

[001 4] According to a first aspect of the present inven- 
tion there is provided method of obtaining optimisation 
data for a cellular radio network supporting a first air- 
interface, the method comprising : deriving location data 
for a cellular radio device from soft handover data per- 
taining to transmissions supported by a second air in- 
terface from the cellular radio device, the second air- 
interface being different to the first air-interface; collect- 
ing, substantially contemporaneously with the second 
air-interface transmissions, link metrics for the first air- 
interface associated with the cellular radio-device; and 
associating the location data with the link metrics. 
[001 5] Preferably the method f u rther includes the step 
of switching the cellular radio device between first and 
second air interface transmissions whilst in a call. 
[0016] Preferably, the cellular radio device operates 
in a CDMA slotted mode to acquire link metrics for the 
first air-interface and, in response to operation in the 
slotted mode, the cellular radio device communicates a 
report stream containing CDMA cell information and 
GSM neighbouring cell information. 
[0017] Reporting of the link metrics may be in the up- 
link CDMA air-interface transmissions or across the first 
air-interface. 

[0018] Preferably, a unique identity of the cellular ra- 
dio device is used to resolve an association between the 
location data with the link metrics. 
[0019] The cellular radio device may automatically 
participate in obtaining optimisation data, although it 
may also be commanded to participate in obtaining op- 
timisation data. 

[0020] The associations between the location data 
and the link metrics; may be used to compile a coverage 
map for the cellular radio network. 
[0021] The cellular communication system may fur- 
ther comprise: means for causing the switching of the 
cellular radio device between the second air-interface 
transmissions and the first air-interface during an in-call 
mode of operation of the cellular radio device. 
[0022] The means forcausing the switching of the cel- 
lular radio device may be at least one of: software within 
the cellular communication device; and an instruction is- 
sued to the cellular radio device by infrastructure. 
[0023] The cellular radio device may contain: a control 
processor arranged to assess metrics for at least one of 
a serving base station of the first network of cells and at 
least one other in -range base station on a BA list asso- 
ciated with the first network of cells, the control proces- 
sor further arranged to cause one of: i) reporting of link 
metrics in uplink UMTS air-interface transmissions; and 
ii) reporting of link metrics in uplink transmission from 
the cellular radio device across the first air-interface. 
[0024] The cellular radio device may contain: means 
for attaching a unique identity of the cellular radio device 
to uplinktransmissions, thereby to provide a mechanism 
to resolve an association between the location data with 



the link metrics. 

[0025] The cellular communication system of a pre- 
ferred embodiment comprises: a processor in at least 
one of an MSC and an OMC, the processor arranged to 

5 resolve the location data. 

[0026] The cellular communication system may in- 
clude an OMC containing a controller arranged to asso- 
ciate the location data with the link metrics. 
[0027] The OMC may include: means for compiling a 

10 coverage map for the cellular radio network based on 
associations between the location data with the link met- 
rics; and means for configuring the cellular radio net- 
work based on the coverage map. 
[0028] In a further aspect of the present invention 

15 there is provided apparatus responsive to a cellular 
communication system comprising a first network of 
cells supporting a first air interface and a second net- 
work of cells supporting a second air-interface being dif- 
ferent to the first air-interface, at least some of the first 

20 network of cells being collocated with the second net- 
work of cells and such that infrastructure of the collocat- 
ed cells is substantially collocated, the apparatus 
comprising :means for associating location data with 
link metrics for the first air-interface associated with a 

25 cellular radio-device, wherein the location data is de- 
rived from soft handover data pertaining to transmis- 
sions from the cellular radio device over the second air- 
interface and the link metrics are obtained substantially 
contemporaneously with the second air-interface trans- 

30 missions. 

[0029] The means for associating location data with 
link metrics may be responsive to a unique identity of 
the cellular radio device. 

[0030] The apparatus, in one embodiment, further 
35 comprises: means for compiling a coverage map for the 
cellular radio network based on associations between 
the location data with the link metrics; and means for 
configuring the cellular radio network based on the cov- 
erage map. 

40 [0031 ] In yet another aspect of the present invention 
there is provided a multi-mode cellular communication 
device operable in a cellular communication system 
comprising a first network of cells supporting a first air 
interface and a second network of cells supporting a 

45 second air-interface being different to the first air-inter- 
face, at least some of the first network of cells being col- 
located with the second network of cells and such that 
infrastructure of the collocated cells is substantially col- 
located, the multi-mode cellular communication device 

50 comprising : means for generating uplink transmissions 
over the second air interface, means for collecting, sub- 
stantially contemporaneously with the second air-inter- 
face transmissions, link metrics forthe first air-interface; 
and means for communicating the link metrics to a man- 

55 agement control apparatus for radio network optimisa- 
tion. 

The multi mode cellular communication device may in- 
clude means for attaching a unique identifier associated 
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therewith to the uplink transmissions and link metrics. 
[0032] Advantageously, the present invention pro- 
vides a system that incorporates an effective mecha- 
nism of collecting data and accurately identifying related 
positional information for the optimisation of a GSM-type 5 
network. 

[0033] The link metric can be a quality metric or an 
absolute parameter measure. 

[0034] In summary, according to an underlying inven- 
tive concept, a system of the preferred embodiment op- 
erates to generate accurate GSM optimisation data 
through the utilisation of a dual-technology subscriber 
unit configured to swap between a UMTS air-interface 
mode and a slotted GSM-type mode. In the GSM mode, 
system performance data, i.e. measurements metrics 
such as RX_Lev and BER, are accumulated for a serv- 
ing cell and BA list neighbours and this system perform- 
ance data is communicated to a serving operations and 
maintenance centre OMC through a BSS and MSC. 
Contemporaneously with the acquisition of GSM per- 
formance data, a UMTS call to serving Node Bs operat- 
ing in soft handover allows a serving MSC or OMC to 
identify accurately the location of the subscriber unit 
through a triangulation process. A time reference de- 
rived from soft handover of a high bit rate data sequence 
allows multi-path resolution in the UMTS domain, with 
an absolute propagation path therefore derivable from 
the time reference. Correlation, at an OMC level, of an 
identity of the subscriber unit associates the subscriber 
location with the GSM system performance data, there- 
by allowing a processor in the OMC to assess accurately 
GSM system performance with a view to initiating, as 
required, radio network optimisation of the GSM system. 
The need for costly drive testing of a GSM-type system 
is therefore obviated, thereby advantageously allowing 
radio network reconfiguration at either the will of the 
service operator or dynamically. 

Brief Description of the Drawings 

[0035] An exemplary embodiment of the present in- 
vention will now be described with reference to the ac- 
companying drawings, in which: 

FIG.1 is a schematic diagram of a cellular network 
architecture that has been adapted to support the 
various underlying inventive concepts of various 
embodiments of the present invention; and 
FIG. 2 is a flow diagram illustrating the preferred op- 
erating method for collecting network data in the 
system of FIG.1; and 

FIG. 3 is a flow diagram illustrating the preferred 
mechanism for identifying coverage area problems 
in the GSM-type domain of FIG. 1 

Detailed Description of a Preferred Embodiment 

[0036] To begin to frame the present invention in con- 



text, it has been appreciated that CDMA-based systems 
(and particularly W-CDMA) are fundamentally able to 
provide location information. More specifically, from a 
perspective of soft handover between a number of Node 
Bs in a number of cells and a high chip rate yielding high 
resolution of individual multi-path components, the rel- 
ative location of a mobile with respect to one of more 
Node Bs can be determined from a triangulation mech- 
anism. More specifically, although CDMA is asynchro- 
nous and does not require a timing advance, each chip 
typically has a duration usually less than about three 
hundred nanoseconds. Consequently, given an accu- 
rate time base reference (such as the start of a given 
sequence of chips), a triangulation calculation can ac- 
curately identify a point of origin of a transmission by 
resolving an absolute propagation delay for each indi- 
vidual path. In other words, it is the correlation, with re- 
spect to Node Bs, of a sequence made up of chips that 
is used as a time base in a deterministic process for ac- 
curately identifying location of the transmitting device. 
[0037] As will be understood, soft-handover relates to 
uplink communications from a subscriber unit within a 
specific cell, wherein such uplink communications are 
decoded by multiple base station sub-systems in adja- 
cent (i.e. non-primary) cells. Soft-handover is therefore 
designed to obviate some need for increasing up-link 
transmission power since it provides space diversity and 
consequently a better quality of service (QoS) for a nom- 
inally selected transmitted power level. Consequently, 
in systems that constantly seek to limit an interference 
environment, such as CDMA, soft-handover can pro- 
vide an improved QoS (e.g. reduced FERs or reduced 
BERs) for the same power. CDMA systems are there- 
fore geared to look to soft-handover, if possible. 
[0038] FIG.1 illustrates a typical cellular network ar- 
chitecture 1 0 that is adapted to support the various un- 
derlying inventive concepts of various embodiments of 
the present invention. The cellular network architecture 
10 actually reflects a collocation or overlay of at least 
parts of an existing second generation cellular system 
(such as a GSM network) and a third generation cellular 
system, such as UMTS employing a high chip rate CD- 
MA architecture. Consequently, the cellular network ar- 
chitecture supports a plurality of adjacent GSM cell sites 
12-26 and a plurality of UMTS cell sites 20-30. Indeed, 
at least some of the GSM cell sites 20-26 are collocated 
with at least some of the UMTS cell sites 20-26. 
[0039] With respect to the cell sites, whether GSM, 
UMTS or mixed, the infrastructure within each cell 
(namely transceivers and cell site controllers, e.g. BTSs, 
BSCs and Node Bs) is coupled to a mobile switching 
centre (MSC) 32-34 that controls (from a high level sys- 
tem perspective) communication resource interconnec- 
tion to a subscriber unit 36. The MSC may be air-inter- 
face specific, i.e. the MSC may only support UMTS or 
GSM connection, although the switching function be- 
tween the air-interfaces could be consolidated if the sys- 
tems were commonly owned by a particular service pro- 
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vider. The MSC 32-34 are coupled to an OMC 38 that 
contains a correlation processor 40 and, typically, also 
a man-machine interface 42. The correlation processor 
40 is generally coupled to a database 44 that is arranged 
to store executable code, network configuration tables s 
and performance matrices (such as C/l matrices and 
BER/FER data with respect to location). The executable 
code may include code arranged to assess location 
(based on triangulation), although this code may be de 
decentralised to the MSC layer serving UMTS (CDMA- 
type) communications. 

[0040] While the cellular network architecture 10 of 
the preferred embodiment may support GSM-specific or 
UMTS-specific communication apparatus (e.g. dedicat- 
ed air-interface phones or the like), the subscriber unit 
36 is a multi-mode device supporting at least GSM and 
UMTS. Consequently, the subscriber unit is able to com- 
municate with any suitable base station. Indeed, in view 
of the multi-mode nature of the subscriber unit 36, hand- 
off of connections between GSM and UMTS environ- 
ments is possible, although there would clearly be a 
drop in channel capacity when moving to GSM at, say, 
16kbps. For the sake of clarity, only a single subscriber 
unit 36 is shown, although the system and, indeed, each 
cell is likely to contain tens, if not hundreds and poten- 
tially thousands of subscriber units in both active and 
standby modes of operation. Also for the sake of clarity, 
single band (i.e. single technology) cellular equipment, 
e.g. a conventional GSM phone, is not shown in FIG. 1 
since it is incompatible with the concepts of the present 
invention. 

[0041] As regards system operation, the principal 
steps are illustrated in FIGs. 2 and 3, with FIG. 2 indic- 
ative of the mechanism for acquiring raw performance 
data and FIG. 3 illustrative of processing of the raw data 
for radio network optimisation purposes. It will further be 
appreciated that the principal steps of FIGs. 2 and 3 can 
be re-ordered and performed contemporaneously or 
successively in relation to one another. The subscriber 
unit 36 is able to support the present invention either 
during in-call operation 200 or idle mode operation 202, 
although the requirement for uplink transmissions 
means that its use in an idle mode would require some 
form of forced uplink transmission 204 for some period 
of time and hence would generally reduce battery life in 
a mobile device environment. Indeed, the present inven- 
tion can be initiated either independently (e.g through a 
time-out process 206) by a suitably configured subscrib- 
er unit 36 or actio ned by a suitably configured or instruct- 
ed 208 subscriber unit in response to a downlink system 
command. 

[0042] Forthe sake of explanation and illustrative pur- 
poses only, it is assumed that the subscriber unit 36 is 
a dual-technology mobile cellphone supporting second- 
generation GSM and third-generation W-CDMA. More- 
over, for the sake of illustration, it is assumed that the 
subscriber unit is operating in-call 200, with the domi- 
nant service or path being W-CDMA. Of course, the 



10 

present invention would also work in the situation where 
the dominant path is actually GSM, i.e. that W-CDMA is 
not actively used for a particular connection although the 
service is available at the location of the subscriber unit 
36. 

[0043] Operation of the preferred embodiment of the 
present invention requires that the subscriber unit 36 
switch 21 0 between its alternative air-interface systems. 
The subscriber unit 36 monitors BA list transmissions 
212 for in-range BSSs in GSM and then reports 214 (in 
a similar manner to MAHO operation) corresponding 
signal quality metrics back into a high-level manage- 
ment system, e.g. a serving MSC and typically a serving 
OMC, in the GSM infrastructure. Turning to operation of 
the subscriber unit 36 in the W-CDMA mode, the system 
of the preferred embodiment operates in a soft handover 
condition in orderfor uplink W-CDMA transmissions 21 6 
to be resolvable to compensate for multi-path and hence 
to identify a relatively accurate origin of uplink transmis- 
sion. In the UMTS in-call mode, the switch to monitoring 
of the GSM network is multiplexed subject to an availa- 
bility 218 of suitable analysis slots, with the UMTS call 
takes otherwise taking precedence 220. 
[0044] In both of the GSM and W-CDMA uplink in- 
stances, there is a need for the system of the present 
invention to associate 300 location data 302-304 with 
signal quality metric data 306. Such an association is 
preferably accomplished 308 by ensuring that each re- 
port (whether on the GSM or W-CDMA air-interfaces) is 
tagged with a subscriber identity, such as the unique In- 
ternational Mobile Subscriber Identity (IMSI) number or 
the Mobile Station International Subscriber ISDN 
(MSISDN) number. 

[0045] With respect to location identification 304, 
since this requires the correlation of W-CDMA data 
through at least two and generally more serving Node 
Bs, location identification is preferably preformed by lo- 
cation resolution software located in a suitable proces- 
sor at the MSC level. Of course, the location determina- 
tion could be accomplished at the OMC level (especially 
where uplink data is through Node Bs controlled by dif- 
ferent MSCs). Essentially, therefore, a combination of 
the raw location data orspecific location information and 
subscriber unit identification (from a W-CDMA connec- 
tion) is communicated to radio network optimisation log- 
ic in, typically, the OMC 38. With the OMC 38 also re- 
sponsive to signal quality metrics (in the GSM domain) 
for BA list members, a coverage matrix can be estab- 
lished in the OMC through the concatenation 300 and 
association 308, in the correlation processor 40, of the 
signal quality metrics 306 and the location data 302 spe- 
cific to the subscriber unit 36. The coverage matrix is 
typically developed over time and, as such, the cover- 
age matrix and associated raw data is generally stored 
in the database 44. The coverage matrix is therefore 
able effectively to produce 310 a coverage map for the 
GSM domain (based in part on W-CDMA location data 
and also on GSM BA list link quality data) that identifies 
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312 particular areas of poor coverage for the existing 
GSM system. The coverage map can be configured on 
several time scales, including measures of qualitative 
and quantitative coverage for different times of day, dif- 
ferent seasons or on a daily, weekly, weekendly or other 
arbitrarily selected time frame. Clearly, once location 
and quality of service data has been correlated, then 
meaningful output, e.g. the identification of hotspots, 
can be provided to a system designer by way, for exam- 
ple, of the man-machine interface 42 for radio network 
optimisation. Adaptation 314 of the GSM environment 
can then occur on a periodic or dynamic basis. 
[0046] By way of practical example, returning to the 
dual-technology subscriber unit 36 of FIG.1, the sub- 
scriber unit 36 is initially in soft handover 50-54 with 
UMTS cells 20, 22 and 26. Consequently, the correlation 
processor 40 obtains location information concerning 
the subscriber unit 36, since multi-path to specific Node 
Bs in the respective UMTS cells can be resolved from 
the high chip rate and a correlated data sequence from 
the soft handover process. When effectively idle from 
W-CDMA transmissions, a scanning receiver of the sub- 
scriber unit 36 transfers the subscriber unit 36 into a slot- 
ted mode in which the subscriber unit 36 receives and 
then reports on its GSM propagation environment 
60-68, namely GSM cells 12-18 and 24. With radio net- 
work optimisation based on an assimilation of geo- 
graphically accurate C/l matrices (for GSM), the OMC 
has access to updated RF coverage plans and location 
information disclosing the position of hotspots and other 
problems within individual GSM cells. 
[0047] While the preferred embodiment has been dis- 
cussed in the context of a transition in the air-interface 
operational mode, it will be understood that UMTS sup- 
ports the so-called "slotted mode". Essentially, whilst in 
a UMTS call, the UMTS technical standard has made 
provision for monitoring of another co-existing (general- 
ly second generation) system, e.g. GSM. More specifi- 
cally, designers are conscious that the UMTS air-inter- 
face may be lost during in-call scenario and so, in order 
to preserve information flow, it is envisaged that the 
UMTS call will default to an alternative but co-existing 
system, e.g. GSM. The UMTS system is therefore set 
up to monitor both UMTS cells and neighbour GSM cells 
in the slotted mode and to report link quality metrics for 
these alternative systems. Indeed, in the slotted-mode, 
uplink reporting of link quality metrics from the subscrib- 
er unit is usually in the form of a mixed stream of GSM 
cell data and UMTS cell data. Consequently, from an 
infrastructure perspective, there is already some form 
of association of the GSM data with the UMTS data in 
view of the collocation of the link quality metric data in 
an uplink control channel assigned to a specific sub- 
scriber unit. The requirement for IMSI-type tagging of 
distinct messages is therefore superfluous in the UMTS 
slotted mode since a suitable association already exists. 
Clearly, the coverage matrix can be established in the 
OMC (or the like) through the concatenation of the GSM 



signal quality metrics and the location data specific to 
the subscriber unit, with the concatenation somewhat 
simplified in view of the collocation of the report data for 
the serving and neighbouring UMTS cells and the neigh- 

5 bouring GSM cells (inherently available from UMTS slot- 
ted mode reporting structures). Operational steps 302 
and 306 (of FIG. 3) may therefore be combined and the 
processing requirement behind step 308 reduced when 
UMTS slotted mode operation is adopted to support the 

10 acquisition of data required by the preferred embodi- 
ments of the present invention. 
[0048] Alternative embodiments of the invention may 
be implemented as computer program code encoded on 
a computer program product for use with a computer 

15 system. It is expected that such a computer program 
product may be distributed as a removable medium with 
accompanying printed or electronic documentation (e. 
g. shrink-wrapped software), preloaded with a computer 
system or distributed from a server or electronic bulletin 

20 board over a network (e.g. the Internet or World Wide 
Web). A series of computer instructions can therefore 
either be fixed on a tangible medium or fixed in a com- 
puter data signal embodied in a carrier wave that is 
transmittable to a computer system using wireline or 

^5 wireless transmission techniques. The removable (i.e. 
tangible) medium may be a computer readable media, 
such as a diskette, CD-ROM, DVD-ROM or RAM, fixed 
disc, magneto-optical discs, ROMs, flash memory or 
magnetic or optical cards. The series of computer in- 

30 structions embodies all or part of the functionality previ- 
ously described herein with respect to the system. 
[0049] Software embodiments of the invention may 
be implemented in any conventional computer program- 
ming language. For example, preferred embodiments 

35 may be implemented in a procedural programming lan- 
guage (e.g. "C") or an object oriented programming lan- 
guage (e.g. "C++"). 

[0050] Although the preferred operating method is re- 
alised by general or specific-purpose processor or logic 

40 circuits programmed with suitable machine-executable 
instructions, hardware components may possibly be 
used to implement certain features of the present inven- 
tion. Of course, the present invention may be performed 
by a combination of hardware and software. 

45 [0051] In the context of the present invention, the term 
subscriber unit should be construed broadly and in- 
cludes fixed equipment (such as computer terminals) as 
well as mobile subscribers (MS). Furthermore, for the 
avoidance of doubt, "link metric" should be construed to 

50 be a measure of one or both of a quality parameter (such 
as BER) or an absolute value (such as Rx_Lev). Indeed, 
as an example, in the UMTS slotted mode, link quality 
is generally only measured in terms of Rx_Lev. 
[0052] It will, of course, be appreciated that the above 

55 description has been given by way of example only and 
that modifications in detail may be made within the 
scope of the invention. For example, whilst the preferred 
embodiment of the present invention contemplates that 
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radio network optimisation data is assimilated at a OMC 
from signal quality metrics and location information, the 
radio network optimisation function could be distributed 
or even located at an MSC level or lower. Furthermore, 
whilst the reporting of signal quality metrics for the BA 
list neighbours and serving cell is preferably communi- 
cated uplink overthe GSM air-interface (in the preferred 
embodiment), an alternative embodiment contemplates 
that the signal quality metrics could be communicated 
overthe W-CDMA air-interface to the GSM OMC or the 
like responsible for radio network optimisation. Moreo- 
ver, whilst the present invention has been described in 
respect of GSM technology in conjunction with UMTS 
technology, the underlying inventive concept is equally 
applicable to any other first or second generation cellu- 
lar technology in conjunction with UMTS technology (or, 
indeed, any overlaid telecommunication system that 
can provide pertinent geographic data). For the avoid- 
ance of doubt, the present invention is generally appli- 
cable to any first or second-generation cellular technol- 
ogy with which multimode UMTS is concurrently collo- 
cated. Clearly, the underlying inventive concept is not 
limited to a co-existing GSM-UMTS environment, with 
this system merely representing a particular realisation 
of a mechanism that generates optimisation data for an 
existing system subsequently overlaid with an en- 
hanced system supporting location identification capa- 
bilities. 



Claims 

1 . A method of obtaining optimisation data for a cellu- 
lar radio network supporting a first air- interface, the 
method comprising: 

deriving (2/6) location data for a cellular radio 
device (36) from soft handover data pertaining 
to transmissions supported by a second air in- 
terface from the cellular radio device (36), the 
second air-interface being different to the first 
air-interface; 

collecting (306), substantially contemporane- 
ously with the second air-interface transmis- 
sions, link metrics for the first air-interface as- 
sociated with the cellular radio-device (36); and 
associating the (300) location data with the link 
metrics. 

2. The method of obtaining optimisation data accord- 
ing to claim 1 , further comprising: 

switching the cellular radio device (36) between 
second air-interface transmissions and the first 
air-interface during an in-call mode of operation 
of the cellular radio device. 

3. The method of obtaining optimisation data accord- 



ing to claim 1 or claim 2 further comprising 

compiling (31 0) a coverage map for the cellu- 
lar radio network based on associations between 
the location data with the link metrics; and 

5 configuring (314) the cellular radio network 

based on the coverage map. 

Apparatus responsive to a cellular communi- 
cation system comprising a first network of cells 
(12-26) supporting a first air interface and a second 

10 network of cells (20-30) supporting a second air-in- 
terface being different to the first air interface, at 
least some of the first network of cells being collo- 
cated with the second network of cells and such that 
infrastructure of the collocated cells is substantially 

is collocated, the apparatus comprising: 

means (30) for associating location data with 
link metrics for the first air-interface associated 
with a cellular radio-device (36) wherein the lo- 

20 cation data is derived from soft handover data 

pertaining to transmissions from the cellular ra- 
dio device (36) over the second air-interface 
and the link metrics are obtained contempora- 
neously with the second air-interface transmis- 

25 sions. 

4. The apparatus of claim 4, wherein the means (38) 
for associating location data with link metrics is re- 
sponsive to a unique identity of the cellular radio de- 

30 vice (36). 

5. The apparatus of claim 4 or 5, further comprising: 

means (38) for compiling a coverage map for 
35 the cellular radio network based on associa- 

tions between the location data with the link 
metrics: and 

means (38) for configuring the cellular radio 
40 network based on the coverage map. 

6. , A Multi-mode cellular communication device (36) 
operable in a cellular communication system com- 
prising a first network of cells (12-26) supporting a 

45 first air interface and a second network of cells 
(20-30) supporting a second air interface being dif- 
ferent to the first air- interface, at least some of the 
first network of cells being collocated with the sec- 
ond network of cells and such that infrastructure of 

50 the collocated cells is substantially collocated, the 
multi-mode cellular communication device compris- 
ing: 

means (36) for generating uplink second air-in- 
55 terface transmissions; 

means (36) for collecting, substantially contem- 
poraneously with the second air-interface 
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transmissions, link metrics for the first air-inter- 
face; 



means (36) for communicating the link metrics 
to a management control apparatus. 



5 



7. The multi-mode cellular communication device of 
claim 6, wherein the multi-mode cellular communi- 
cation device is arranged to switch between second 
air-interface transmissions and the first air-interface 10 
during an in-call mode of operation. 

8. The multi-mode cellular communication device of 
claims 6 or 7 wherein the device (36) contains: 



9. The Multi-mode cellular communication device (36) 
of any of claims 6-8 further including: 

a control processor (uP) arranged to assess 2s 
metrics for at least one of a serving base station 
of the first network of cells (12-26), the control 
processor further arranged to cause reporting 
of link metrics in uplink second air-interface 
transmissions: or reporting of link metrics in up- 30 
link transmission across the first air-interface. 



15 



means (36) for attaching a unique identity of the 
cellular radio device to uplink transmissions, 
thereby to provide a mechanism to resolve an 
association between the location data with the 
link metrics. 



20 



35 



40 



45 



50 



55 



9 



EP 1 215 928 A2 




10 



EP 1 215 928 A2 




208 



INSTRUCT MS TO ENTER 
DATA COLLECTION MODE 



( START ^ 



20A> 



202 



I 




FORCE TRANSMITTER IN 
UMTS MODE 

3 



YES 
k — 



SCAN REPORT IN GSM MODE | 200 ^ 



TRANSMIT HIGH CHIP RATE i- 
UPLINK UMTS DATA I 



■216 




SWITCH OPERATIONAL MODE L 
TO GSM/SLOTTED MODE I 



210 



± 



MONITOR BCCH TRANSMISSIONS 
DROM SERVING CALL AND/OR 
BSS'S OF BA LIST 



-212 



REPORT LINK QUALITY METRICS 1-2/4 
FOR GSM NETWORK J 



FIG. 2 




r 220 

CONTINUE WITH UMTS CALL | 
— I _ 



11 



EP 1 215 928 A2 



i 



RECEIVE ^GSM^ LINK^ QUALITY J_ J06 



METRICS/MEASUREMENTS 

RECEIVE CDMA-TYPE DATA 
SEQUENCE AT MULTIPLE \~302 
NODE Bs 

RESOLVE MS UNIT LOCATION L w 
FROM SOFT HANDOVER DATA P y4 

„ 



} 



ASSOCIATE SUBSCRIBER UNIT 
(MS) IDENTITY IN UMTS '308 
AND GSM NETWORKS 

* 

CONCANTENATE LINK QUALITY L, n n 
METRICS AND LOCATION l 3UU 

I 

COMPILE COVERAGE MAP L, f « 
IN/FOR GSM DOMAIN l 310 

I 

IDENTITY COVERAGE AREA L,„ 
PROBLEMS IN GSM NETWORK \ * U 



I 



ADAPT RADIO NETWORK 
ENVIRONMENT BASED ON 

COVERAGE MAP AND 
COVERAGE AREA PROBLEMS 



FIG. 3 



-314 



12 



